By using simple and analytical models, we study the impact of Coulomb scattering on the I-V characteristics and the transient behaviour of MOS transistors and inverters. We predict "anomalous" I-V curve shape in highly doped bulk transistors.
Introduction
Despite numerous problems due to its limited potential in terms of scaling, the conventional Bulk device architecture is still the main driver of the semiconductor industry. This becomes possible with respect to 45/32nm nodes thanks to the introduction of high-K and metal gate stack. Indeed, the recovery of a proper scaling of gate oxide thickness allowed recovering a proper electrostatic integrity as compared to the previous node. For the next nodes, this approach can be pursued and Bulk device will probably be the main choice for numerous companies. But this will require a high channel doping. As an example, the ITRS roadmap 2007 predicted channel doping as high as 7.10 18 at/cm 3 for bulk devices in 2012. In this work we studied and modelled the impact of Coulomb scattering due to these highly-doped channels, on the electrical behaviour of MOS device, in AC and DC regimes. We used this approach combined together with the model of surface roughness and acoustic phonon limited mobility (described in the MASTAR documentation [2] ) to calculate the total effective mobility as a function of the effective field. The result is obtained using a classic Mathiessen's law. Nevertheless, before calculating the effective mobility, we take into account that the inversion charge created in the transistor's channel will screen the ionised impurity charge responsible for Coulomb limited mobility. We define the corrected value of µcn and µcp as:
α is a fitting parameter. When the inversion charge Qinv is smaller than the depletion charge Qdep, which separates the weak to strong inversion regimes, the corrected mobility is equal to the mobility term calculated with the Masetti model. This is typically the case in the sub-threshold regime. When Qinv starts to dominate at strong inversion, the corrected mobility term is increasing, reflecting the average screening effect of the inversion charge on carriers ( fig. 2 ) . The resulting effective mobility ( fig.3 ) is compared to the measurements published by Takagi et al.
[3] in 1994 ( fig. 4) , and are showing a good agreement in both curve shape and order of magnitude, for α =0.1. Note that the µeff-Eeff plateau at low effective field has been inferred experimentally by magneto-resistance measurements below threshold [2] . This plateau is not measurable by split C-V technique that is used to obtain universal curves of Fig.  4 .
Device Simulation and Results
We used the MASTAR model [3] to generate the I-V curve of a test device featuring Tox,inv=1.2nm and Lg=29nm. For pedagogic purpose we started by studying a test-case without DIBL effect. Fig. 5 shows the Ids-Vds curve of the test device with and without taking into account Coulomb-scattering (CbS). As expected the drain current Ids is reduced. At low gate voltage Vgs, Ids is more impacted than at higher Vgs. This is due to the shape of the µeff-Eeff curve (resulting from the screening effect). The gate voltage Vg,screen at which the screen effect occurs is depending on the value of Qdep and Qinv, and determines the gate voltage above which CbS impact is reduced. For our test device, these values are plotted as a function of the channel doping on fig.6 
Eeff in increasing when Vgs increases, but is decreasing when Vds increases (fig 9) . As a consequence, the mobility tends to increase along an Ids-Vds curve ( fig. 10 ). But when CbS comes into play, mobility can be reduced when increasing Vds (despite the Eeff reduction), if the gate voltage is close to the Vg,screen value. An illustration is shown in fig. 11 (b' ). This explains the "anomalous" shape of the Ids-Vds curve calculated in fig 8. The impact of CbS on Ion, µeff and effective current Ieff of inverters [5] is shown in fig. 12 . Fig. 13 shows the evolution of Ion as a function of Lgate for a given and constant Ioff. As Lgate is reduced, Ion in increasing as 1/Lgate, but the channel doping is also increased to keep constant Ioff. This leads to an increase of the Eeff and thus to a mobility degradation that impacts Ion and Ieff (Fig. 14) for shorter Lgate. This effect, first described in [4] , is worsen by CbS, and shows even more clearly the existence of an optimum gate length for a given MOSFET architecture [6] Conclusion In highly doped channel, CbS is responsible for a high degradation of linear and saturation current, and can lead to deformed Ids-Vds curves. Impact on effective current and optimal gate length has been studied. 
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